Schiff bases are considered as a very important class of organic compounds because of their ability to form complexes with transition metal ions. 1-3 Schiff bases were important class of ligands, such ligands and their metal complexes had a variety of applications including biological, clinical, analytical and industrial in addition to their important roles in catalysis and organic synthesis. 4, 5 These compounds have been used as drugs, and they possess a wide variety of antimicrobial activity against bacteria, fungi and certain type of tumors. 6 Some drugs have increased activity when administered as metal chelates and inhibit the growth of tumors. 7 It was seen that the biological active compounds become more bacteriostatic and carcinostatic upon chelation with metal ions, 8 as well as their application for the preparation of ion selective electrodes. 9 In this article, we describe the successful synthesis of novel Schiff bases and their complexes under mild reaction condition. The corresponding complexes were characterized by spectroscopic and physical data. The Schiff bases and their metal chelates were also tested for their in vitro antimicrobial activity using the macro-dilution (tube) broth method, determining the MIC leading to inhibition of microbial growth (National Committee for Clinical Laboratory Standards, NCCLS document M100-S12:NCCLS, Wayne, PA, 2000).
IR spectra were obtained as KBr pellets on a Perkin-Elmer 781 spectrophotometer and on an Impact 400 Nicolet FTIR spectrophotometer. 1 H NMR and 13 C NMR were recorded in CDCl 3 solvents on a Bruker DRX-400 spectrometer with tetramethylsilane as internal reference. Mass spectra were recorded on a Micro Mass UKLTD spectra. Melting points were obtained with a Yanagimoto micro melting point apparatus and are uncorrected. The purity determination of the substrates and reaction monitoring were accomplished by thin layer chromatography on silica-gel polygram SILG/UV 254 plates.
Typical procedure: Schiff base ligands were prepared by dissolving 2-hydroxy-1-naphthaldehyde (0.34 g, 2 mmol) and 1,2-phenylenediamine (0.108 g, 1 mmol) in methanol with stirring in one portion. The stirring was continued to completion of the reaction. The progress of the reaction was monitored by thin layer chromatography. After the completion of the reaction, a colored substance was obtained. The solid product was filtered and washed with cold methanol. The crude product was purified by recrystallization from ethanol, and the pure Schiff base was obtained in high-to-excellent yields after leaving for the appropriate time. The Schiff bases are characterized by physical and spectroscopic data. Typical procedure: the appropriate quantity of 1,1 0 [1,2-Phenylenediylbis(nitrilo-methylidine)]bis-(2-naphthol) was dissolved in absolute methanol (10 ml). To this solution was added a solution of Cu(CH 3 COO) 2 (0.24 g, 1 mmol) in absolute methanol. The mixture was stirred for 50 1C (Scheme 1). After the completion of the reaction, the precipitated complex was then filtered off, washed with cold ethanol and dried in a vacuum dessicator. After drying, the crude product was recrystallized from ethanol to give pure product. Schiff base complexes were obtained in excellent yield and short reaction times. These compounds were identified using physical and spectroscopic data. Antimicrobial studies: the antimicrobial activity of Schiff bases and their complexes were tested against the microorganisms. All the studied Schiff base complexes were screened for antimicrobial activity against the bacteria (Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi and Staphylococcus aureus) using Ciprofloxacin as a standard, and against two fungi (Aspergillus niger and Aspergillus flavus) using fluconazole as a standard. Antimicrobial and antifungal efficiency of the synthesized Schiff base complexes are assessed using the macro-dilution (tube) broth method, determining the MIC leading to inhibition of microbial growth.
The Schiff base ligands are soluble in common organic solvents. These compounds have been prepared from the reaction of 2-hydroxy-1-naphthaldehyde and various diamines in methanol solution at room temperature under mild conditions.
In this study, the corresponding products were achieved and characterized using spectroscopic and physical data. In the domain of material science, the main advantage in the use of Schiff base ligands relates to the availability of a free imino site that can be functionalized with a wide variety of appendages. In this reaction, a lot of useful double Schiff bases were afforded in high-to-excellent yields and short reaction times in methanol solution. The results of these reactions are summarized in Table 1 .
In continuation of our investigation on the preparation of Schiff base complexes, we have synthesized Schiff base complexes by treating the above-mentioned Schiff base ligands with Cu(CH 3 COO) 2 at 50 1C. The reaction of Schiff base ligands with the corresponding metal salt is represented in Scheme 1.
As shown in Scheme 1, when 1 mol of ligand reacts with 1 mol transition metal salt, the complex products can be prepared in methanol solution under mild conditions at 50 1C. The results of these reactions are summarized in Table 1 . As it can be seen in this Table, three Schiff base complexes of metal (II) were afforded in high yields and short reaction times from the reaction of ligands with the transition metal salts. Most of the synthesized complexes are colored and are stable in air, soluble in DMSO, DMF, MeOH and EtOH. As it can be seen in this Table, the corresponding Schiff base complexes were obtained as solids, with melting points between 230 to 4300 1C, stable and colored.
The structures of obtained complexes were identified and characterized using spectroscopic data. The infrared spectrum gives enough information to elucidate the way of bonding of the ligands to the metal ions. The most characteristic vibrations are selected by comparing the IR spectra of the ligands with those of their metal complexes. The strong bands at 1600 cm À1 for free ligands are due to u(C ¼ N) of azomethine vibration mode. This band shifts to lower region by about 10-15 cm À1 on chelation of ligand with the metal ions.
In vitro antimicrobial studies: the free ligands and their metal complexes were screened for their antimicrobial activity. The results are indicated in Table 1 . As shown in this Table, the ligands 3a-c did not exhibit a significant antimicrobial activity.
In the present study, we carried out experiments to investigate the antimicrobial activity of Schiff base complexes against four bacterial strains (Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi and no visible growth of bacteria and then were applied on culture media for 24-72 h. Ciprofloxacin and fluconazole were used as standard for antibacterial and antifungal activity, respectively. In the present wok, we have reported a mild, easy, clean and an efficient method for the synthesis of some novel Schiff base complexes of Cu(II) at 50 1C. The crude products were purified by recrystallization in ethanol, and the pure Schiff base complexes were obtained in high yields and short reaction times. Also the desired Schiff bases for the preparation of these complexes have been obtained through easy, simple method, from the reaction of 2-hydroxy-1-naphthaldehyde with various amines in methanol solution under mild condition. The free ligands and their metal complexes were screened for their antimicrobial activity. The results indicated that although the ligand did not exhibit a significant antimicrobial activity, the related complexes were shown higher efficiency against some microorganisms under experimental conditions.
